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Aging is one of the most evident biological processes, but its mechanisms are still poorly un- 
derstood. Studies of cognitive aging suggest that age is associated with cognitive decline; 
however, there may be individual differences such that not all older adults will experience cog- 
nitive decline. That is, cognitive decline is not intrinsic to aging, but there is some heterogeneity. 
Many researchers have shown that speech recognition declines with increasing age. Some of 
the age-related decline in speech perception can be accounted for by peripheral sensory prob- 
lems but cognitive aging can also be a contributing factor. The potential sources of reduced 
recognition for rapid speech in the aged are reduction in processing time and reduction of the 
acoustic information in the signal. However, other studies also indicated that speech percep- 
tion does not decline with age. Cognitive abilities are inherently involved in speech processing. 
Two cognitive factors that decline with age may influence speech perception performance. 
The first factor is working memory capacity and the second factor concerns the rate of infor- 
mation processing, defined generally as the speed at which an individual can extract content 
and construct meaning from a rapid signal. Cognitive function shows the adaptive processes 
with age which are consistent with the view that the brain itself has potentially a life-long capac- 
ity for neural plasticity. Assessing the speech perception difficulty in older adults, cognitive func- 
tion could be considered in the evaluation and management of speech perception problem. 
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Introduction 

Aging is one of the most evident biological processes whose 
molecular and cellular mechanisms are still poorly under- 
stood. Age-related changes involve almost all aspects of hu- 
man beings such as the brain, bones, joints, eyes, ears, diges- 
tive, metabolic, urogenital, dental system, skin and functional 
abilities. 

Regarding the bones and joints, the weight-bearing bones 
and the movable joints take much wear and tear as the body 
ages. Consequently, osteoporosis and arthritis occur commonly 
among older adults. Likewise, there are age-related changes 
in the brain; however, still much is not known about age-re- 
lated changes in the brain. 

Among brain functions, cognitive function and speech per- 
ception abilities seem to be affected by aging. There is still no 
consensus about the mechanisms underlying cognition and 
speech perception problems in the aged. Changes in hearing 



thresholds, memory, attention, and speed of processing all could 
be causes of the difficulties older adults encounter in everyday 
life. 1 - 31 

The objective of this article is to review age-related changes 
in cognition and speech perception and to investigate their in- 
terrelationship. In addition, this study will provide a current 
understanding of the mechanism of age-related decline in cog- 
nition and speech perception. 

Cognition: Association with Aging 

Cognitive function is broadly defined as an intellectual pro- 
cess by which one becomes aware of, perceives, or compre- 
hends ideas. It involves all aspects of perception, thinking, rea- 
soning, and remembering. 

Studies of cognitive aging suggest that age is associated with 
cognitive decline. The average course of cognitive abilities over 
the last several decades of life is accelerating decline. This 
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Young hippocampus 




Fig. 1. Potential mechanisms responsible for age-related decline 
in neurogenesis (Adapted from Benedetta A, et al. Aging 2012, ac- 
cording to the Creative Commons license). Proliferating and quies- 
cent neural stem and progenitors cells (NSCs; left column) are in- 
dicated by the presence or lack of mitotic spindles, respectively. 
Proliferating NSCs divide to generate (arrows) additional NSCs or 
immature neurons (right column). During maturation, many neurons 
undergo apoptosis (crosses). A: Schematic representation of adult 
neurogenesis in the young hippocampus. B-E: Schematic repre- 
sentation of adult neurogenesis in the senescent hippocampus. A 
reduced number of neurons in the senescent hippocampus (B-E) 
can be explained by an increase in quiescence i.e. a lower propor- 
tion of proliferating NSCs (B), a change in NSCs fate i.e. an increase 
in differentiate at the expense of proliferative and/or gliogenic at 
the expense of neurogenic division (C), depletion of NSCs by cell 
death (D), or a higher proportion of newborn neurons undergoing 
apoptosis (E). Continuous or dashed arrows (A-D) indicate a con- 
stant number or decreases in the proportion of proliferating NSCs 
and neurons generated from the total pool of NSCs, respectively. 



phenomenon is shown in cross-sectional, longitudinal stud- 
ies, and studies on neural stem cells. 5 ' 

Growing evidence indicates that a few types of resident neu- 
ral stem cells (NSCs) that are located in specific brain regions, 
most notably the subgranular zone of the hippocampus, seem 
to play a major role in cognitive functions such as learning, 
memory, and emotional behavior. A possible mechanism 
of age-related changes in neurogenesis is introduced (Fig. 1). 5) 

Aging constitutes one of the major factors reducing the pro- 
liferation of NSCs, 8 ' 91 while cognitive decline, including re- 
duced learning and memory performance, is commonly ob- 
served in aged individuals. 9 ' 101 

Manipulations that decrease neurogenesis typically wors- 
en cognitive performance in senescent animals while, converse- 
ly, an increase in neurogenesis tends to improve learning and 
memory." 121 

However, some studies indicate that cognitive decline is not 
intrinsic to aging, but there is some heterogeneity. 13 ' 141 Accord- 
ing to a recent study, cognitive decline is not a normal part of 
aging and is associated with some form of neuropathology. 131 
In the study, individuals were classified into 3 groups by three 
different rates of decline: slow, moderate, and fast. Individu- 
als in the fast decline groups had high levels of amyloid plaques 
and neurofibrillary tangles. On the other hand, individuals in 
the slow decline class had the least amount of neuropathology. 

Therefore, there is still controversy as to whether aging and 
cognitive decline are associated, and there may be individual 
differences such that not all older adults will experience cog- 
nitive decline. 

Speech Perception: Association 
with Aging 

Speech perception is the process by which the sounds of 
language are heard, interpreted and understood. In general, 
older adults complain that talkers seem to mumble or talk 
too fast and that it is hard to hear when there is background 
noise. Many researchers have shown that speech recognition 
declines with increasing age. 16 ' 171 According to one report, as 
many as one-third of seniors find it difficult to understand 
conversations in everyday listening situations. 181 

Age-related difficulties in speech understanding may be 
attributed to changes in higher-level cognitive processes such 
as language comprehension, memory, attention, and cogni- 
tive slowing, or to lower-level sensory and perceptual process- 
es. 1 That is, some of the age-related decline in speech per- 
ception can be accounted for by peripheral sensory problems, 
but cognitive aging can also be a contributing factor. 201 

Many studies of speech recognition in older adults report 
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age-related differences in performance. However, the interpre- 
tation of decreased speech perception in older adults is com- 
plicated by the change in pure-tone thresholds that occurs with 
increasing age. 

Age-related peripheral hearing loss, called presbycusis, is 
highly prevalent and hearing loss in older adults is associated 
with a number of pathologies. Among them, strial degenera- 
tion is assumed to be the dominant cause of presbycusis. 2 " 

The effects of age-related decline in hearing thresholds on 
speech perception have been extensively studied. The finding 
is that high-frequency threshold hearing loss accounts for 
much of the loss of phonetic information and word identifi- 
cation in quiet listening conditions. 22 ' 23 

In addition to the decline in hearing threshold, older adults 
show a greater reduction in speech recognition than younger 
adults, with increasing speech rate. 24 ' The potential sources 
of reduced recognition for rapid speech are reduction in pro- 
cessing time and reduction of the acoustic information in the 
signal. 

However, other many studies also indicated that speech per- 
ception does not decline with age, after correcting for the ef- 
fects of different hearing thresholds. 251 In some cross-section- 
al studies, pure -tone thresholds that change with increasing 
age and rates of change that vary among individuals are fac- 
tors that complicate the interpretation of the differing levels 
of speech perception in older adults. In one study, when thresh- 
olds across age groups were equated, speech perception did 
not differ from age 50 to age 90, except for the Synthetic Sen- 
tence Identification. 261 In other study, no significant differences 
were found in speech recognition for individuals in three age 
groups: 55—64, 65—74, and 75—84 years who were selected 
so that the average pure -tone thresholds for the three groups 
were within 5 dB of each other. 271 

According to a longitudinal study, age-related decline in 
word recognition was more consistent with underlying chang- 
es in auditory function, rather than decline in cognitive func- 
tion, as a result of peripheral, rather than central, system pathol- 

28) 

ogy. 

Analysis of Characteristics 
of Auditory Aging 

Fast speech rate and the presence of background noise dis- 
rupt word identification more for older than younger listeners 
even when their pure-tone thresholds are normal. 16,27,29,30 ' 

Some changes in auditory processing are assumed to give 
rise to the particular vulnerabilities of older listeners when 
speech is heard with background noise or at fast rates. Those 
changes include declines in monoaural auditory temporal pro- 



cessing, 3 " binaural processing, 32 ' and behavioral and physio- 
logical factors in auditory temporal processing. 31,33 ' 

Gap detection thresholds are higher for older adults, poten- 
tially reducing temporal segregation of events. That is, older 
adults do not detect a gap in the signal until the size of the gap 
is about twice as large as the smallest gap detectable by young- 
er adults (approximately 6 ms vs. 3 ms). 34) Gap detection thresh- 
olds are not predictable from pure-tone hearing thresholds in 
listeners with normal audiograms. 35 ' 36 ' 

The Relationship between Cognition 
and Speech Perception 

Cognitive abilities are inherently involved in speech percep- 
tion and they are highly correlated. Some studies suggested 
the importance of cognitive function, in addition to hearing fac- 
tors, that limit speech perception among older adults. 371 On the 
other hand, some studies reported that the effect of cognitive 
decline on the speech perception performance of older adults 
is not significant. 22 ' Cognitive function is not composed of a 
single component but is composed of many distinct compo- 
nents such as attention, memory, and language comprehension. 

Considering the cognitive components specific to speech 
perception, two cognitive factors that decline with age may in- 
fluence speech perception performance. Those two factors are 
working memory capacity and the rate of information pro- 
cessing that is defined generally as the speed at which an in- 
dividual can extract content and construct meaning from a 
rapid signal. 3,3 

Working memory refers to a temporary short-term store where 
information is held and related to later-occurring events. Co- 
hen 39 ' (1987) noted that working memory capacity could af- 
fect speech understanding because parts of the spoken mes- 
sage must be retained in the memory and related to later parts 
of the message for the comprehension of logical relationships 
between words and concepts. Working memory is known to 
decline minimally with aging. 40 ' 

According to one study, age-related decline in auditory pro- 
cessing, rather than changes in the capacity of the working 
memory, primarily influences speech perception, 2 ' and reduc- 
tion in the available processing time causes reduced recogni- 
tion for older adults. 25 Therefore, older adults tend to have dif- 
ficulties in speech perception with rapid speech. 

Brain Systems: Integrating Auditory 
and Cognitive Information 

Davis and Silverman 4 " (1970) recognized long ago how 
brain systems integrate auditory and cognitive information 
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Fig. 2. Brain regions involved in speech processing in older age 
(Adapted from Aydelott, et al. Trends in Amplification 2011, with 
permission from SAGE). Schematic highlights in the left cortical 
regions involved in speech perception. Antero-ventral (aSTS) and 
postero-dorsal (pSTS) auditory streams originate from the prima- 
ry auditory cortices (AC), auditory belt/Heschl's gyrus. The postero- 
dorsal stream interfaces with the premotor areas and pivots around 
the inferior parietal cortex (IPC). Object information, such as map- 
ping speech onto semantics, is decoded in the antero-ventral stream 
to the inferior frontal cortex (IFC; Brodmann's area 44, 45). In the 
postero-dorsal route, attention- or intention-related changes in the 
inferior parietal lobule (IPL; Brodmann's area 40) influence the 
selection of context-dependent action programs in prefrontal cor- 
tex and premotor cortex (PMC; Brodmann's area 6) areas. Both 
routes can be modulated by activity in the dorsolateral prefrontal 
cortices (PLPFC; Brodmann's area 9, 46). STS: superior tempo- 
ral sulcus, IFC: inferior frontal cortex, IPL: inferior parietal lobule, 
DLPFC: dorsolateral prefrontal cortical. 



would be crucial to our understanding of speech communica- 
tion. 

Acoustic analysis of the information occurs in the middor- 
sal superior temporal region then proceeds either anteriorly 
along the superior temporal gyrus (STG) to the inferior fron- 
tal cortices in mapping speech to meaning or posteriorly along 
the STG to the inferior parietal lobe and then to the premotor 
cortices (Fig. 2). 42) Left dorsolateral prefrontal cortical areas 
are thought to be involved in semantic processing and work- 
ing memory. PFC activation is particularly important in the 
aged 43 as it is supposed to be a reflection of recruitment of 
more working memory resources. 40 ' 



Decline-Compensation Hypothesis 

Cognitive aging involves a combination of decline in sen- 
sory processing and a following increase in the recruitment 
of more general cognitive areas such as the PFC, as a means 
of compensation. 20 ' 

For example, when younger and older adults perform equiv- 
alently on various perceptual and cognitive tasks, there is more 



widespread activation in older brains than in younger brains, 
with one interpretation being that this reflects compensatory 
processing in older adults. 431 

These findings that correlate adaptive cognitive processes 
with age are consistent with the concept that the brain itself 
has potentially a life-long capacity for neural plasticity and adap- 

20) 

tive reorganization. 

Value of Cognitive Function Testing 
for the Evaluation of Speech 
Perception in the Aged 

Aging affects both the peripheral and central auditory sys- 
tem. Simply evaluating the peripheral auditory system is not 
enough to fully understand the pathophysiology of impaired 
speech perception in older adults. Therefore, diagnostic eval- 
uation for speech perception difficulty in older adults should 
not only include standard audiometric testing, but also in- 
clude measures of central auditory function and related cog- 
nitive functions. Tests of cognitive function could also be used 
as sensitive outcome measures of hearing rehabilitation. 441 
Likewise, regarding the management of speech perception 
problems in older adults, treatment aimed at compensating 
only for the peripheral auditory impairment is inadequate, 
but it might still be better to include this strategy to compen- 
sate for central auditory impairment and cognitive function 
deficits. 

Conclusion 

The effect of age on speech perception and cognitive pro- 
cessing is not well understood. Although there is still contro- 
versy as to whether cognitive function and speech perception 
decline with age, in general, older adults have difficulty in 
everyday communication whether the cause is in the periph- 
eral hearing system or in the central cognitive system. Hear- 
ing becomes more difficult with age but brain plasticity and 
cognitive function might continue to compensate for the pe- 
ripheral impairment. Therefore, cognitive function testing 
could also be considered in the evaluation of speech percep- 
tion especially for the aged and there is significance for adopt- 
ing central auditory rehabilitation training for the aged. Fur- 
ther studies should be performed to delineate which cognitive 
skills are more sensitive in the perception of speech. 
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